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LIQUID CONTAINER, 
METHOD FOR DETECTING LIQUID AMOUNT 
IN LIQUID CONTAINER, 
AND LIQUID EJECTION RECORDING APPARATUS 

5 

FIELD OF THE INVENTION AND RELATED ART 

The present invention relates to a liquid 
container ideal to be employed by a liquid ejection 
recording apparatus such as an ink jet recording 

10 apparatus, a liquid ejection recording apparatus 

capable of detecting the amount of the liquid in the 
liquid container thereof, and a method for detecting 
the amount of the liquid in a liquid container, 

A recording apparatus of an ink jet type (ink 

15 jet recording apparatus) is a recording apparatus 

which ejects ink from a recording means onto recording 
medium in order to record images. Its recording means 
is easy to reduce in size. Further, it is capable of 
recording highly precise images at a high speed. 

20 A typical ink jet recording apparatus 

comprises a liquid supply system (ink supply system) 
and an ink container (liquid container). The ink 
supply system is for supplying recording ink, in the 
form of liquid, to a recording means (recording head), 

25 The liquid container is for holding the ink for the 
ink supply system, and is removably connect ible with 
the ink supply system. Further, the ink container as 
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a liquid container is removably ( replaceably ) 
mountable into the space provided for the ink 
container, in an ink jet recording apparatus. 

There have been known a few methods for 
5 detecting the amount (remaining amount) of the ink in 
an ink container such as the ink container described 
above, and the presence or absence of the ink therein. 
For example, there are: a method which employs ROMs 
and a software for counting the number of times ink 

10 droplets are ejected from an ink jet recording head to 
calculate the amount of the ink, based on the number 
of times ink droplets are ejected; an optical method 
which places prisms on the lateral and bottom walls of 
an ink container, and uses the light reflected by the 

15 prisms; etc. Japanese Laid-open Patent Applications 
07-218321 and 07-311072 disclose optical methods. 
According to these methods, an ink container is 
provided with an ink detecting portion comprising a 
transparent member, and the presence or absence of ink 

20 is detected by detecting the light projected from a 
light source and reflected by the ink detecting 
portion. 

Figure 13 is a perspective view of a typical 
recording apparatus of an ink jet type, showing the 
25 general structure thereof. As depicted in Figure 13, 
an ink cartridge 20 comprises an ink container 7 and a 
recording head 1. The recording head 1 is located at 



-3- 



the bottom portion of the ink container, and is 
connected to the ink container 7. The ink cartridge 
20 in the drawing is structured so that the recording 
head 1 and ink container 7 are separable from each 
5 other, as will be described later. However, the 

recording head 1 and ink container may be inseparable. 

Further, the ink container 7 comprises an 
optical prism (unshown), which is for detecting the 
amount of the ink remaining in the ink container 7, 

10 and which is attached to the interior surface of the 
bottom wall of the ink container 7. 

The recording head 1 in the drawing comprises 
a means (for example, electrothermal transducer, 
laser, etc.) for generating thermal energy used as the 

15 energy for ejecting ink, more specifically, the energy 
for changing ink in phase. Therefore, it is capable 
of accomplishing a higher degree of recording density 
and a higher degree of precision, compared to ink jet 
recording heads employing an ink ejecting means which 

20 uses energy other than thermal energy in order to 
eject ink. 

Referring to Figure 13, the ink jet recording 
apparatus is provided with an optical unit (detecting 
apparatus) 14 for detecting the amount of the ink 
25 remaining in the ink container 7. The optical unit 14 
comprises an infrared LED (light emitting element) 15 
and a photo-transistor (photosensitive element) 16, 
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which are attached to the optical unit 14 so that they 
align in the direction (indicated by arrow mark F) in 
which recording papers are conveyed. The optical unit 
14 is attached to the chassis 17 of the main assembly 
5 of the image forming apparatus. The ink cartridge 20 
is mounted on a carriage 2. As the ink cartridge is 
moved rightward from the position shown in Figure 13, 
it comes to the position above the optical unit 14. 
In this position, the optical unit 14 is able to 

10 detect the presence or absence of the ink in the ink 
container 7, through the bottom wall of the ink 
container 7. 

Figure 14 is a schematic drawing showing the 
positional relationship among the ink detecting 

15 portion, the light emitting element which projects 
light on the ink detecting portion, and the 
photosensitive portion. The ink detecting portion is 
a transparent member with which the ink container is 
provided, and the light emitting element projects 

20 light on the ink detecting portion. The 

photosensitive element intercepts the light from the 
light emitting element. Figure 14(A) shows the ink 
container in which ink is present, and Figure 14(B) 
shows the ink container in which ink is absent. 

25 Referring to Figures 14(A) and 14(B), the 

light from the light emitting element 31 (light 
source) enters the ink detecting portion (prism or the 
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like) 50 from below the bottom wall of the ink 
container 7. The light detecting portion 50 is an 
integral part of the transparent bottom wall of the 
ink container 7. When there is ink 44 in the ink 
5 container 7 as shown in Figure 14(A), the light from 
the light emitting element 31, which enters the ink 
container 7 from below is absorbed while it travels 
through light path 1 -» light path 2'. Thus, the 
light does not reach the photosensitive element 32. 

10 On the other hand, after the ink in the ink container 
7 has been completely consumed, that is, when there is 
no ink in the ink container 7 as shown in Figure 
14(B), the light entering the ink container 7 from 
below is deflected by the slanted surfaces of the ink 

15 detecting portion (prism or the like) 50, which is an 
integral part of the transparent bottom wall of the 
ink container 7, and reaches the photosensitive 
element 32 through light path 1 — > light path 2 
light path 3. In other words, whether or not ink is 

20 present in the ink container 7 is determined based on 
whether or not the light projected from the light 
emitting element 31 reaches the photosensitive element 
32. The light emitting element 31 and photosensitive 
element 32 are on the main assembly of the image 

25 forming apparatus. 

However, a liquid container such as an ink 
container having the above described optical 
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deflection system suffers from the following technical 
problems* That is, although it is capable of 
detecting the presence or absence of ink in an ink 
container, it is incapable of analogically detecting 
5 the amount of the ink remaining in the ink container 
while the ink in the ink container is being consumed. 
Admittedly, there is an ink remainder detection system 
which employs an auxiliary means for counting the 
number of times (dot count) ink droplets are ejected 
10 from an ink jet recording head, being therefore 

capable of detecting the remaining amount of the ink. 
However, such a system is very complicated, which is a 
problem. 

As one of the means for analogically 
15 detecting the amount of the ink remainder with the use 
of the above described optical deflection system, it 
is possible to consider a method in which a plurality 
of ink detecting portions (prisms or the like) formed 
of transparent material are arrayed in parallel, on 
20 one of the side walls of an ink container, in the 

depth direction of the ink (height of body of ink). 
Such an arrangement, however, requires the range, 
across which the light deflected by the ink detecting 
portions (prisms or the like) formed of transparent 
25 material is received, to be rather large, making it 
necessary to employ a larger number of detecting 
apparatuses comprising a light emitting element and a 
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photosensitive element, more specifically, to provide 
the above described detecting apparatus for each of 
the plurality of ink detecting portions (prisms or the 
like) formed of transparent material, which increases 
5 the cost of an ink jet recording apparatus. 

If only one detecting apparatus is employed 
for the plurality of ink detecting portions (prisms or 
the like), the farther the distance from a given ink 
detecting portion (prism or the like) to the detecting 

10 apparatus (only detecting apparatus), the smaller the 
amount (intensity) of the light deflected by the given 
ink detecting portion (prism or the like), in relation 
to the amount (intensity) of the light emitted from 
the light emitting element, which is obvious. Thus, 

15 such a setup might result in detection errors. Thus, 
in order to prevent detection errors (assure detection 
accuracy), it is necessary to increase the amount of 
the light deflected (received) by the ink detecting 
portion (prism or the like). In order to increase the 

20 amount of the light deflected by the ink detecting 
portion (prism or the like), it is necessary to 
provide a light emitting element with a higher output. 
The provision of a light emitting element with a 
higher output results in such problems as the increase 

25 in the cost of the main assembly of an ink jet 

printer, increase in power consumption, etc. In 
addition, placing the plurality of ink detecting 
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portions (prisms or the like) on one of the side 
walls, and bottom wall, of the ink container requires 
a substantial space, reducing latitude in apparatus 
design. 

5 

SUMMARY OF THE INVENTION 

The present invention was made in 
consideration of the above described problems, and its 
primary object is to provide: a liquid container, the 

10 amount of the liquid (ink) in which can be 

analogically detected; a method for detecting the 
amount of the liquid in a liquid container; and a 
liquid ejection recording apparatus. 

The present invention made to accomplish the 

15 above described object is characterized in that a 

liquid container for containing a liquid comprises: a 
reflective member having a plurality of roof mirrors, 
which have a minimum of two reflective surfaces angled 
relative to each other at a predetermined angle, and 

20 that the plurality of roof mirrors are arrayed in 
parallel, on a predetermined portion of a liquid 
storing portion of the liquid container, in a 
predetermined direction, so that as the divergent 
light from a light source enters the reflective 

25 member, it is sequentially deflected by a minimum of 
two reflective surfaces of each of the roof mirrors, 
being thereby divided into a plurality of fluxes of 
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light which condense to a predetermined area to make 
it possible to detect the amount of the light 
deflected by the reflective member to determine the 
amount of liquid in the liquid container. 
5 According to the above described structural 

arrangement, a reflective member having a plurality of 
roof mirrors, which have a minimum of two reflective 
surfaces connected to each other at a predetermined 
angle, and which are arrayed in parallel, in a 

10 predetermined direction, on a predetermined portion of 
a liquid storing portion of the liquid container, so 
that as the divergent light from a light source enters 
the reflective member, it is sequentially deflected by 
a minimum of two reflective surfaces of each of the 

15 roof mirrors, being thereby divided into a plurality 
of fluxes of light which condense to a predetermined 
area. Therefore, even if the liquid storing portion 
is provided with only one detecting apparatus, it is 
assured that the amount of the liquid in the liquid 

20 container can be analogically detected based on the 
width and height of the pattern of the graph showing 
the changes in the amount (intensity) of the light 
deflected by the reflective member and detected by the 
photosensitive member. 

25 These and other objects, features, and 

advantages of the present invention will become more 
apparent upon consideration of the following 
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description of the preferred embodiments of the 
present invention, taken in conjunction with the 
accompanying drawings. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic drawing for 
describing the optical properties of the reflective 
member of the liquid container in accordance with the 
present invention, in the first embodiment of the 

10 present invention, Figure 1(a) being a perspective 
view thereof, Figure 1(b) showing the optical 
relationship between the reflective member and 
detecting apparatus, as seen from the direction 1 in 
Figure 1(a), and Figure 1(c) showing the relationship 

15 between the reflective member and detecting apparatus, 
as seen from the direction 2 in Figure 1(a). 

Figure 2 is a schematic drawing for 
describing the optical properties of the reflective 
member, the reflective area of which is flat and is 

20 coated with reflective aluminum film. 

Figure 3 is a schematic drawing for showing 
the paths of the fluxes of light deflected by the 
reflective area of the reflective member, which 
comprises a plurality of V-shaped straight grooves, 

25 which have two reflective surfaces connected in the 

shape of a roof (which also is called one-dimensional 
convergence reflective means or roof mirror), and 
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which are arrayed in parallel. 

Figure 4 is a schematic drawing depicting the 
plurality of reflective members, which have a 
plurality of V-shaped grooves, and which are disposed 
5 in parallel. 

Figure 5 is a schematic drawing for 
describing an additional effect of the reflective 
member in accordance with the present invention. 

Figure 6 is a schematic drawing for 
10 describing another effect of the reflective member in 
accordance with the present invention. 

Figure 7 is a schematic sectional view of a 
typical liquid container compatible with a liquid 
amount detecting means in accordance with the present 
15 invention. 

Figure 8 is a schematic drawing for 
describing the reflective member in the first 
embodiment of the present invention. Figure 8(a) being 
an enlarged plan view of the roof mirror portion of 
20 the reflective member on one of the side walls of the 
ink container, Figure 8(b) being a perspective view of 
the roof mirror portion of the reflective member, and 
Figure 8(c) being a graph showing the changes in the 
amount of the light intercepted by the photosensitive 
25 side when the roof mirrors are arranged in the pattern 
in the first embodiment. 

Figure 9 is a schematic drawing for 
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describing the reflective member in the second 
embodiment of the present invention, Figure 9(a) being 
an enlarged plan view of the roof mirror portion of 
the reflective member on one of the side walls of the 
ink container, Figure 9(b) being a perspective view of 
the roof mirror portion of the reflective member, and 
Figure 9(c) being a graph showing the changes in the 
amount of the light intercepted by the photosensitive 
side when the roof mirrors are arranged in the pattern 
in the second embodiment . 

Figure 10 is a schematic drawing for 
describing the reflective member in the third 
embodiment of the present invention, Figure 10(a) 
being an enlarged plan view of the roof mirror portion 
of the reflective member on one of the side walls of 
the ink container, Figure 10(b) being a perspective 
view of the roof mirror portion of the reflective 
member, and Figure 10(c) being a graph showing the 
changes in the amount of the light intercepted by the 
photosensitive side when the roof mirrors are arranged 
in the pattern in the third embodiment. 

Figure 11 is a perspective view of a few of 
the modified versions of the reflective member for the 
liquid container in accordance with the present 
invention. 

Figure 12 is a perspective view of an example 
of a recording apparatus in which a liquid container 
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in accordance with the present invention is mountable. 

Figure 13 is a perspective view of a typical 
ink jet recording apparatus having the ink amount 
detecting function in accordance with the prior arts. 
5 Figure 14 is a schematic drawing for showing 

the reflective surfaces of the bottom portion of the 
ink container in accordance with the prior arts. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 Hereinafter, the preferred embodiments of the 

present invention will be described with reference to 
the appended drawings. Incidentally, when a given 
component, member, portion, or the like in one drawing 
is the same in referential symbol as a given 

15 component, member, portion, or the like in another 
drawing, the two correspond to each other. 

Figure 1 is a drawing for describing the 
optical properties of the reflective member of the 
liquid container in accordance with the present 

20 invention, Figure 1(a) being a perspective view 

thereof, Figure 1(b) showing the optical relationship 
between the reflective member and detecting apparatus, 
as seen from the direction 1 in Figure 1(a), and 
Figure 1(c) showing the relationship between the 

25 reflective member and detecting apparatus, as seen 
from the direction 2 in Figure 1(a). 

The reflective means shown in Figure 1 
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comprises a plurality of rows of reflective members 
30. The rows of reflective members 30 are disposed in 
parallel with a pitch of P. Each reflective member 
(which may be referred to as roof mirror unit) 30 is a 
5 transparent member (formed of transparent resin, for 
example), and comprises a plurality of roof-shaped 
mirrors 34 having two reflective surfaces connected at 
a predetermined angle (96° in this embodiment). The 
roof-shaped mirrors (which hereinafter will be 

10 referred to simply as roof mirrors) are arrayed in 

parallel in a predetermine direction. Each reflective 
member 30 is positioned so that the reflective 
surfaces of each roof mirror constitute a part of the 
top surface of the reflective member 30, and that the 

15 nonref lective surface of each roof mirror constitutes 
a part of the bottom surface of the reflective member 
30. The roof mirror pitch P of the reflective member 
in Figure 1 is 84 pm, and the measurement of each roof 
mirror is 84 pm x 100 iam. 

20 There is disposed a detecting apparatus below 

the reflective member 30. The detecting apparatus 
comprises a point-source light 31 and a photosensitive 
element 32, which are parts of a photo IC chip. The 
reflective member 30 and the photosensitive element 32 

25 are disposed so that a predetermined gap (GAP in 

Figure 1(b)) is provided between the bottom surface of 
the former and the photosensitive intercepting surface 
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of the latter. In Figure 1(b), the light emitting 
side and light intercepting side are separate. 
However, they may be integral. In fact, in actual 
production, they are integral. 
5 The fundamental condition for the roof mirror 

34 of the reflective member 30 to be reflective is 
that the surface of the roof mirror 34 is in contact 
with a substance, other than liquid, which is 
different in refractive index from the material of the 

10 roof mirror 34. For example, if the material of the 
reflective member 30 is a transparent resin, the 
reflective member 30 reflects light when the substance 
in contact with the surface of the roof -mirror 34 is 
air, but it transmits light when the substance in 

15 contact with the surface of the roof-mirror is ink. 

Referring to Figures 1(b) and 1(c), the light 
paths of the light from the light emitting side 
(point-source light 31) to the light intercepting side 
(photosensitive element of photo IC chip) are 

20 indicated by solid lines and single-dot chain lines, 
to show the manner in which the light from the point- 
source light 31 converges to the photosensitive 
element after being deflected by the reflective member 
30. More specifically, the single-dot chain lines 

25 represent the light paths after the light is deflected 
by the reflective member 30. Further, the light 
emitting side is not provided with a condensing means 
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such as a lens. Therefore, the light intercepted by 
the photosensitive element is divergent light. 

The light (divergent light) irradiated from 
the point-source light 31 enters the transparent 
5 reflective member 30, is deflected twice by the 

processed surfaces of the roof mirrors 34, and is 
condensed on the light intercepting side (array of 
photosensitive elements 31), in a pattern of a narrow 
band, across a predetermined area. In other words, as 

10 the light is deflected by the reflective member 30 in 
a manner to be one-dimensional ly converged (Figure 
11); the divergent light from the point-source light 
is deflected by the plurality of roof mirrors (divided 
into plurality of apparent fluxes of light which are 

15 different in light source), so that it is condensed on 
the array of photosensitive elements, across the 
predetermined area. Referring to Figure 1(c), across 
the array of the photosensitive elements, a grid 
pattern (enlarged pattern of roof mirrors of 

20 reflective member), the pitch P of which is twice that 
of the roof mirrors of the reflective member 30 is 
formed. 

Next, referring to Figures 2-6, the 
characteristic features of the reflective member in 
25 accordance with the present invention will be 

described through comparison between the reflective 
member in accordance with the present invention, the 



reflective area of which is covered with a light 
reflecting means of a one-dimensional convergent type 
(property which causes light to one-dimensional ly 
converge), and an ordinary reflective member, the 
reflective area of which has a flat surface coated 
with reflective aluminum film. 

Figure 2 is a schematic drawing for 
describing the reflective member having a flat 
reflective surface coated with reflective aluminum 
film, and the path through which a flux of light from 
the light source 31 of the photosensor PS is guided to 
the photosensitive element 32 by way of the reflective 
surface 30al of the reflective member 30. Figure 2 
shows: the light source 1; photosensitive element 32 
which is PDWy x PDWx in the size of the light 
sensitive area; and reflective member 30 having the 
flat reflective surface 30al coated with reflective 
aluminum film. In the drawing, the dotted lines 
represent the light path from the light source to the 
photosensitive element by way of the reflective 
member. For geometrical reasons, the width Lwl of the 
area of the reflective aluminum film 30al illuminated 
by the effective portion of the light flux is half the 
width PDWy of the photosensitive area of the 
photosensitive element 32 (Lwl = l/2PDWy). Thus, when 
the size of the photosensitive element 32 is 400 pm, 
the size of the area of the reflective aluminum film 
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30al illuminated by the effective portion of the flux 
of light is roughly 200 pm. In other words, the 
amount by which the light from the light source 31 
reaches the photosensitive element 32 is extremely 
5 small. 

The relationship between the gap (distance) 
between the photosensor PS and reflective member, and 
the amount of the light which the photosensitive 
element 32 intercepts, is represented by the following 

10 equation: amount of light = 1/ (distance) 2 . Figure 3 
is a schematic drawing showing the light paths from 
the light source to the photosensitive element by way 
of the reflective member 30 in accordance with the 
present invention, the reflective area of which 

15 comprises a plurality of V-shaped straight grooves, 
the slanted surfaces of which are reflective (roof 
mirrors). In Figure 3, it is presumed that the 
slanted walls of each V-shaped groove are virtually 
equal in reflectivity to reflective aluminum film. 

20 The angle (Ra) between the two slanged walls of each 
V-shaped groove is set to roughly 95° in order to 
cause the light from the light source 31 to follow a 
path similar to the path shown in Figure 2. The light 
path shown in Figure 3(B), which is the light path 

25 seen from the direction perpendicular to the 

lengthwise direction of the groove, is the same as the 
light path shown in Figure 2(B). However, in Figure 
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3(A) which shows the light path seen from the 
direction parallel to the lengthwise direction of the 
groove, the width Lw2 of the area of the reflective 
area of the reflective member 30 corresponding to the 
photosensitive area of the photosensitive element 32 
is much wider than the width Lwl in Figure 2 (A). In 
other words, the reflective member 30 shown in Figure 
3 guides, by a larger amount, the light from the light 
source 31 to the photosensitive element 32 of the 
photosensor PS. 

Since the light source 31 is positioned apart 
from the photosensitive element 32, the light can be 
guided to a target area by adjusting the angle Ra of 
the two reflective slant walls of each groove. In 
this embodiment, the angle Ra is set to roughly Rb»X5. 
Therefore, not only is the light from the light source 
31 guided to the photosensitive element 32, but also 
to the area symmetrical in position to the 
photosensitive element 32 with respect to the light 
source 31 (light path 33 indicated by dotted lines in 

Figure 3(A) ) . 

Figure 4 is a schematic drawing for depicting 
the reflective member (roof mirror unit) 30 having a 
plurality of rows of a large number of V-shaped 
grooves, the slanted walls of which are reflective. 
It also shows the paths through which the light from 
the light emitting element 31 of the photosensor PS is 
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guided to the array of photosensitive elements 32 by 
way of the reflective member 30. Basically,, this 
arrangement is the same as that in Figure 3. 
Therefore , the description of the arrangement will not 
5 be given here. Also in this arrangement, the light 
from the light source 31 is guided, by a greater 
amount, to the photosensitive elements 32 by way of 
the reflective member 30 , compared to the reflective 
member shown in Figure 2 having the flat reflective 

10 area coated with reflective aluminum film. 

Figure 5 is a schematic drawing for depicting 
the effect of the reflective member in accordance with 
the present invention, which is different from the 
above described one. It relates to the relationship 

15 between the performance of the liquid amount detecting 
means and the gap (distance) between the photosensor 
PS and reflective member 30. Figure 5(A) shows the 
case in which the gap (distance) between the 
photosensor PS and reflective member 30 is greater 

20 than the normal distance, and Figure 5(B) shows the 
case in which the gap (distance) between the 
photosensor PS and reflective member 30 is normal. 

In the reflective member structured as shown 
in Figure 2, the amount of light detected by the 

25 photosensitive element is practically proportional to 
1/ (distance) 2 . Thus, if the gap between the 
reflective member and photosensor PS, shown in Figure 
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2, is doubled , as is the relationship between the 
distance between the reflective member and photosensor 
PS in Figure 5(A) and that in Figure 5(B), the amount 
of light intercepted by the photosensitive element 32 
5 is reduced to nearly 25 %; the amount of the light 
detected by the photosensitive element 32 in Figure 
5(A) is nearly 25 % of the amount of the light 
detected by the photosensitive element 32 in Figure 
5(B). 

10 In the case of the setup which employs a 

reflective member in accordance with the present 
invention, the amount by which the light is detected 
by the photosensitive element 32 in terms of the 
direction perpendicular to the lengthwise direction of 

15 the roof mirror, shown in Figure 3(A), is not affected 
by the changes in the gap (distance) between the 
reflective member and photosensor PS, which also will 
be evident from Figures 5(A) and 5(B)* On the other 
hand, the amount by which the light is detected by the 

20 photosensitive element 32 in terms of the direction 

parallel to the lengthwise direction of the roof 

2 

mirror, shown in Figure 3(B), is l/(distance) . In 
other words, a reflective member in accordance with 
the present invention is superior also in terms of the 
25 amount by which the light from the light source is 

detected by a photosensitive portion, and the amount 
by which the amount of the light source is detected by 
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the photosensitive portion is affected by the changes 
in the gap between the reflective member and 
photosensitive receiving portion. 

Figure 6 is a schematic drawing describing 
5 another effect of the reflective member in accordance 
with the present invention, which is different from 
the effect described first, and relates to 
relationship between the performance of the liquid 
amount detecting means and the angle (0) of the 

10 reflective member relative to the photosensor PS. As 
is evident from the drawing, in the case of the light 
amount detecting means employing a reflective member 
in accordance with the present invention, the light 
path through which the light from the point-source 

15 light is guided to the photosensitive portion 32 by 
the reflective member 30 is not affected by the 
changes in the angle (9) of the reflective member 30 
relative to the photosensitive surface of the 
photosensitive portion 32. 

20 As will be evident from the above 

descriptions, the employment of the reflective member 
30 in accordance with the present invention, the 
reflective area of which has a single 6r plurality of 
arrays of V-shaped grooves, the two slanted walls of 

25 which are reflective, is beneficial in that it 

increases the absolute amount by which the light from 
a point-source light is guided to the photosensitive 
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portion 32 of the photosensor PS, compared to the 
employment of a reflective member, the reflective area 
of which is flat as shown in Figure 2. Further, it 
reduces the amount of the effect of the changes in the 
5 distance (gap) between the reflective member and 

photosensor, upon the amount by which the light is 
intercepted by the photosensitive portion. Further, 
it makes the amount by which the light is intercepted 
by the photosensitive portion, insensitive to the 

10 angle (0) of the reflective member relative to the 

photosensor, preventing the amount by which the light 
is detected, from reducing by a large amount by the 
changes in the angle (0) of the reflective member. 

Next, referring to Figures 7-10, the 

15 various modifications of the reflective member having 
the above descried optical properties will be 
described. 

Referring to Figure 7, hereinafter, the 
embodiments of the present invention will be described 

20 with reference to the ink container 7 (liquid 
container) to which the reflective member in 
accordance with the present invention is attached 
comprises: a chamber 42 in which an ink absorbing 
member 41 formed of sponge or the like is stored; a 

25 liquid storage chamber 45 in which in which ink 44 is 
directly stored, and a connective path 43 connecting 
the ink absorbing member chamber 42 and liquid storage 
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chamber 45. The ink container 7 also comprises an ink 
outlet 46, which is attached to the ink absorbing 
member chamber 42, and through which the ink within 
the ink container 7 is supplied to an ink jet 
recording head (unshown) which ejects ink, as 
recording liquid, to record images. However, not only 
is the reflective member 30 in accordance with the 
present invention, having a single or plurality of 
arrays of roof mirrors applicable to the above 
described ink container 7, but also it is applicable 
to a simple ink container in which ink is directly 
stored, an ink container the entirety of which is 
filled with an ink absorbing member in which ink is 
stored, etc. In other words, the reflective member in 
accordance with the present invent invention is 
compatible with any liquid container. 

Referring to Figure 7, the reflective member 
30 is attached to the inward surface of one of the 
walls of the liquid storage chamber 45, perpendicular 
to the bottom wall of the liquid storage chamber 45. 
It vertically extends from the bottom wall. The 
detecting apparatus (unshown) comprising the 
combination of a single-source light (light emitting 
element) 31 and photosensitive element 32 is solidly 
attached to a location which is outside the ink 
container 7, and which directly faces the reflective 
member 30 attached to the ink container 7. The 
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structural arrangement shown in Figure 7 is not 
intended to limit the application of the present 
invention. For example, when applying the present 
invention to an ink container much larger than the one 
shown in Figure 7, the size of the photosensitive 
element may be increased corresponding to the amount 
of the ink in the larger ink container, or the 
distance between the single-source light and detecting 
apparatus may be increased by increasing the output of 
the single-light source light, or the detecting 
apparatus may be moved instead of the ink container. 
In case the internal space of the ink jet recording 
apparatus makes it difficult to attach the above 
described detecting apparatus to the location which 
faces one of the side walls of the ink container, a 
light guiding member such as a piece of optical fiber 
or the like may be employed to guide the light from 
the light emitting element of the detecting apparatus 
to the point from which the light is projected toward 
the side wall of the ink container having the 
reflective member, or to guide the light reflected by 
the reflective member to the photosensitive element of 
the detecting apparatus, so that the detecting 
apparatus can be attached to a location, for example, 
a location facing the bottom wall of the ink 
container, which does not face the aforementioned side 
wall of the ink container. As described above, the 
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liquid container is formed of a transparent resin such 
as PP, PE, or the like, and the reflective member 30 
is attached to the liquid container so that when the 
ink reflective member 30 is completely submerged in 
the liquid (ink) in the ink container, the reflective 
surfaces of each roof mirror 34 of the reflective 
member 30 remain in contact with the liquid (ink) in 
the ink container. Further, the reflective member in 
accordance with the present invention is usable with 
(attachable to) any liquid container (ink container) 
regardless of its type , as long as it is structured 
as described above. Using the same transparent 
material as that for the liquid container, as the 
material for the reflective member 30, makes it 
possible to form the reflective member with the use of 
one of the injection molding methods, making it 
thereby easier to manufacture the reflective member 
(ink container). 

The ink container 7 is removably mountable, 
alone or by two or more, on the carriage of a 
recording apparatus, which is shuttled in the 
direction intersect ional to the moving direction of a 
recording sheet. When two or more ink containers 7 
are mounted, they are disposed in parallel to each 
other and perpendicular to the moving direction of the 
carriage. 

Referring to Figure 1(c), each reflective 
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member 30 comprises a plurality of roof mirrors, and 
the portion 35 between the two adjacent reflective 
members 30 is structured so that the light projected 
onto the portion 35 from the detecting apparatus side 
5 is allowed to transmit straight through the portion 
35. This portion 35 , however, may be structured in 
the form of a flat roof as shown in Figure 1(a), or in 
the form of a valley. In other words, the shape of 
the portion 35 may be determined in accordance with 

10 the method used for forming the portion 35 (reflective 
member; ink container), or required degree of 
accuracy. In the drawings referenced in the following 
description of the embodiments of the present 
invention, for example, Figure 8(b) or Figure 9(b), 

15 the portion 35 of the reflective member 30 is not 
shown. However, even if a reflective member is 
structured as shown in Figure 1(a), its optical 
properties are virtually the same as those of the 
reflective members 30 in the drawings referenced in 

20 the following description of the embodiments of the 
present invention. 
( Embodiment 1 ) 

Figure 8 is a drawing for depicting the 
reflective member in the first embodiment of the 

25 present invention, Figure 8(a) being an enlarged plan 
view of the roof mirror portion of the reflective 
member on one of the side walls of the ink container, 
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Figure 8(b) being a perspective view of the roof 
mirror portion of the reflective member, and Figure 
8(c) being a graph showing the changes in the amount 
of the light deflected by the reflective member and 
5 detected by the photosensitive member, in the first 
embodiment. More specifically, Figure 8(b) is a 
perspective view of the inward side of the reflective 
member, with respect to the ink container 7. Next, 
the embodiments of the present invention will be 
10 described in detail. 

Referring to Figure 8(a), the reflective 
member (roof mirror unit) 30 is attached to one of the 
side walls of the ink container 7, being positioned so 
that the direction in which the plurality of roof 
15 mirrors are arrayed in parallel becomes perpendicular 
to the moving direction A of the ink container 7 
(moving direction of carriage). 

As the ink container 7, on which the 
plurality of roof mirrors are arrayed as described 
20 above, that is, are disposed on the reflective area of 
the reflective member (roof mirror unit) 30 so that 
they become perpendicular to moving direction of 
carriage, is moved by the carriage in the direction A, 
the pattern of the graph showing the changes in the 
25 amount of the light intercepted by the photosensitive 
element shown in Figure 1 becomes as shown in Figure 
8(c). As will be evident from the distribution, in 



-29- 



Figure 8(c), of the amount of the light intercepted by 
the photosensitive element, relative to the elapsed 
time from the beginning of the movement of the 
carriage, the difference in the number of the roof 
5 mirrors in contact with the ink affects the peak value 
of the amount (intensity of reflected light) of the 
light intercepted by the photosensitive element, as 
indicated by the peak values (1) and (2) in Figure 
8(c). This occurs because the roof mirrors in contact 

10 with the ink transmit light, that is, do not reflect 
light. More specifically, as the liquid (ink) in the 
liquid container 45 is consumed, the liquid (ink) 
level in the liquid container 45 falls in the 
direction indicated by an arrow mark B in Figure 8(b) 

15 (from top side of reflective member 30 toward bottom 

side), gradually exposing the roof mirrors one by one. 
The roof mirrors in contact with the ink transmit 
light, that is, do not reflect light, as described 
earlier regarding the optical properties of the 

20 reflective member. Therefore, as the number of the 

roof mirrors 34 of the reflective member 30, which are 
not in contact with the ink, increases (number of roof 
mirrors 34 in contact with ink decreases), the amount 
(intensity) of the light reflected by the reflective 

25 member increases, for example, from the value (2) to 

the value (1) in Figure 8(c). Incidentally, the width 
(3) of the pattern of the graph in Figure 8(c) 
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corresponds to the width of the reflective member 
(roof mirror unit) 30 (in terms of direction 
perpendicular to direction in which roof mirrors are 
arrayed in parallel). 

Thus, the amount of the liquid (ink) can be 
analogically detected based on the changes in the peak 
value of the amount (intensity) of the light reflected 
by the reflective member (roof mirror unit) 30. 
Incidentally, in the present invention, peak means 
the peak of the wave form (pattern) on the time axis 
(X axis) in Figure 8(c). 
(Embodiment 2) 

This embodiment is similar to the first 
embodiment, except that the width of the reflective 
member, in terms of the direction perpendicular to the 
direction in which the plurality of roof mirrors of 
the reflective member are arrayed in parallel, is 
gradually changed. Next, this embodiment will be 
described in detail. 

Figure 9 is a drawing for depicting the 
reflective member in the second embodiment of the 
present invention, Figure 9(a) being an enlarged plan 
view of the roof mirror portion of the reflective 
member on one of the side walls of the ink container, 
Figure 9(b) being a perspective view of the roof 
mirror portion of the reflective member, and Figure 
9(c) being a graph showing the changes in the amount 
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of the light received by the reflective member in the 
second embodiment of the present invention. 

Referring to Figure 9(a) , the reflective 
member (roof mirror unit) 30 is attached to one of the 
5 side walls of the ink container 7, being positioned so 
that the direction in which the plurality of roof 
mirrors are arrayed in parallel becomes perpendicular 
to the moving direction A of the ink container 7 
(moving direction of carriage). Further, the width of 

10 the reflective member (roof mirror unit) 30 , in terms 
of the direction perpendicular to the direction in 
which the plurality of roof mirrors of the reflective 
member are arrayed in parallel, gradually decreases 
toward the top side; the dimension of each roof mirror 

15 of the reflective member in terms of the direction 
perpendicular to the direction in which the roof 
mirrors are arrayed in parallel (in terms of moving 
direction A of carrier) is such that the closer to the 
top of the ink container, the smaller by a 

20 predetermined amount than that of the roof mirror next 
thereto on the bottom side of the ink container. 

As the ink container 7, on which the 
plurality of roof mirrors different in length are 
arrayed as described above, is moved by the carriage 

25 in the direction A, the pattern of the graph showing 

the changes in the amount of the light received by the 
photosensitive element shown in Figure 1 becomes as 
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shown in Figure 9(c). In this embodiment, the 
plurality of roof mirrors of the reflective member 30 
on one of the side walls of the ink container are 
different in dimension in terms of the direction 
perpendicular to the direction in which they are 
arrayed in parallel , and are disposed so that the 
closer to the top of the ink container a given roof 
mirror is, the smaller by a predetermined amount, in 
dimension in terms of the direction perpendicular to 
the direction in which they are arrayed in parallel, 
than the roof mirror next thereto on the bottom side 
of the ink container. Therefore, as the liquid (ink) 
in the liquid container 45 is consumed, not only does 
the peak value of the amount (intensity) of the light 
reflected by the reflective member 30 change, for 
example, from the value (1) to the value (2), and 
then, to the value (1), but also the width of the 
above described pattern of the graph changes, for 
example, from the width 1 to the width 2, and then, to 
the width 3. 

More specifically, as the liquid (ink) in the 
liquid container 45 is consumed, the liquid (ink) 
level in the liquid container 45 falls in the 
direction indicated by an arrow mark B in Figure 9(b) 
(from top side of reflective member 30 toward bottom 
side), gradually exposing the roof mirrors one by one. 
As described earlier regarding the optical properties 
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of the reflective member, the roof mirrors in contact 
with the ink transmit light , that is, do not reflect 
light. Therefore, as the number of the roof mirrors 
34 of the reflective member 30, which are not in 
5 contact with the ink, increases (number of roof 

mirrors 34 in contact with ink decreases), the amount 
(intensity) of the light reflected by the reflective 
member increases, for example, from the value (2) to 
the value (1) in Figure 9(c). Further, the dimension, 

10 in terms of the moving direction of the carrier, of 
the area of the reflective member by which the light 
is reflected increases, for example, from the width 1 
to the width 2, because the reflective member 30 is 
shaped so that the closer to the bottom wall of the 

15 container a given portion thereof, the wider the given 
portion thereof, in terms of the direction 
perpendicular to the direction in which the roof 
mirrors are arrayed in parallel. 

Thus, the amount of the liquid (ink) can be 

20 analogically detected based on the changes in the peak 
value of the amount (intensity) of the light reflected 
by the reflective member (roof mirror unit) 30, and 
the changes in the width, in terms of the moving 
direction of the carrier, of the pattern of the graph 

25 showing the changes in the amount of the light 

intercepted by the photosensitive element. This 
method, described above, detects the amount of the ink 
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in the ink container based on two types of variables, 
that is, the changes in the peak value of the amount 
(intensity) of the light reflected by the reflective 
member (roof mirror unit) 30, and the changes in the 
5 width, in terms of the moving direction of the 

carrier, of the pattern of the graph showing the 
changes in the amount of the light intercepted by the 
photosensitive element. Therefore, it is more 
advantageous than the first embodiment in that it is 

10 capable of precisely detecting the amount of the ink 

in the ink container, even if the amount of the ink in 
the ink container becomes very small, and therefore, 
the amount by which the light is reflected by the 
reflective member becomes very small- In this 

15 embodiment, the reflective member is structured so 
that its width, in terms of the direction 
perpendicular to the direction in which the roof 
mirrors 34 are arrayed in parallel, is such that the 
closer to the bottom wall of the ink container a given 

20 portion of the reflective member, the wider the given 
portion. However, the above described width of the 
reflective member may be made to be such that the 
closer to the bottom wall of the ink container a given 
portion of the reflective member, the narrower the 

25 given portion. 
( Embodiment 3 ) 

This embodiment is another modification of 
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the first embodiment of the present invention. It is 
different from the first embodiment , in the direction 
in which the roof mirrors of the roof mirror unit 
(reflective member) are arrayed in parallel. Next, 
5 this embodiment will be described in detail. 

Figure 10 is a drawing for depicting the 
reflective member in the third embodiment of the 
present invention, Figure 10(a) being an enlarged plan 
view of the roof mirror portion of the reflective 

10 member on one of the side walls of the ink container, 
Figure 10(b) being a perspective view of the roof 
mirror portion of the reflective member, and Figure 
10(c) being a graph showing the changes in the amount 
of the light received by the photosensitive element in 

15 the third embodiment of the present invention. 

Referring to Figure 10(a), the reflective 
member (roof mirror unit) 30 in this embodiment is 
attached to the one of the side walls of the ink 
container 7 so that the direction in which the roof 

20 mirrors of the reflective member are arrayed in 

parallel coincides with the moving direction A of the 
ink container 7 (moving direction of carriage). This 
embodiment is substantially different from the first 
and second embodiments in that unlike the solidly 

25 attached detecting apparatuses in the first and second 
embodiments, the detecting apparatus in this 
embodiment is movable in the direction indicated by an 
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arrow mark B. More specifically, in this embodiment, 
in order to detect the amount of the ink in the ink 
container, the ink container is moved to a 
predetermined position (for example, position 
5 corresponding to home position of carriage) by the 

carriage, and the detecting apparatus (combination of 
light emitting element 31 and photosensitive element 
32) is moved in the direction of an arrow mark B while 
intercepting the light reflected by the reflective 
10 member. 

As the detecting apparatus (combination of 
light emitting element 31 and photosensitive element 
32) is moved in the direction of the arrow mark B, 
with the reflective member having the plurality of 

15 roof mirrors arrayed as described above being at the 
position corresponding to the home position of the 
carriage (with ink container 7 being stationary), the 
pattern of the graph showing the changes in the amount 
of the light intercepted by the photosensitive element 

20 shown in Figure 1 becomes as shown in Figure 10(c). 

As will be evident from the pattern of the 
graph showing the changes in the amount of the light 
intercepted by the photosensitive element of the 
detecting apparatus during the movement of the 

25 detecting apparatus, the width of the above described 
pattern is affected by the difference in the size of 
the portion of the reflective area (roof mirrors) of 
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the reflective member, which is in contact with the 
ink; for example, it changes from the width (1) to the 
width (2). 

More specifically, as the liquid (ink) in the 
liquid container 45 is consumed, the liquid (ink) 
level in the liquid container 45 falls in the 
direction indicated by an arrow mark B in Figure 10(b) 
(from top side of reflective member 30 toward bottom 
side), gradually exposing the reflective member (roof 
mirror unit) 30 from the liquid, from the top side. 
As described earlier regarding the optical properties 
of the reflective member, the roof mirrors in contact 
with the ink transmit light, that is, do not reflect 
light. Therefore, as the width (size) of the portion 
of the reflective member 30 which is not in contact 
with the ink, in terms of the direction perpendicular 
to the direction in which the roof mirrors 34 are 
arrayed in parallel, increases (portion of reflective 
member 30 which is in contact with ink decreases), the 
width of the pattern of the graph showing the changes 
in the amount of the light reflected by the reflective 
member 30 and intercepted by the photosensitive 
element 32 increases from the width of the pattern (1) 
to that of the pattern (2). 

In other words, in this embodiment, the 
amount of the liquid (ink) can be analogically 
detected based on the changes in the width of the 
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pattern of the graph showing the changes in the amount 
of the light intercepted by the photosensitive 
element. 

Incidentally, in this embodiment, the 
5 detecting apparatus is moved from the top of the ink 
container 7 to the bottom (from top of reflective 
member 30 to bottom) as indicated by the arrow mark B 
in Figure 10(b). However, the detecting apparatus may 
be moved in reverse. 

10 (Miscellaneous Embodiments) 

For ease of description, the amount of the 
light intercepted by the photosensitive element due to 
diffraction is not given in the drawings showing the 
amount of the light intercepted by the photosensitive 

15 element (Figures 8(c), 9(c), and 10(c)). 

In each of the preceding embodiments, the 
shape of the reflective portion of the reflective 
member was as shown in Figure 11(a), and each of the 
plurality of roof mirrors of the reflective member was 

20 as shown in Figure ll(b)-l. Thus, the light from the 
point-source light is deflected twice by each roof 
mirror (which is not in contact with the liquid (ink)) 
so that it condenses on the photosensitive element, as 
shown in Figure ll(c)-l. However, the shape of the 

25 roof mirror of the reflective member in accordance 

with the present invention does not need to be limited 
to the shape in the preceding embodiments. In other 
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words, the shape may be as shown in Figure 11(b) -2 or 
ll(b)-3 (triangular pyramid - polygonal pyramid), 
which also deflects the light from the point-source 
light twice as shown in Figure 11(c) -2 or ll(c)-3, 
5 respectively- Further, in the preceding embodiments, 
the light from the point-source light is deflected 
only twice. However, the deflection may occur three 
times or more, as it will if each roof mirror is in 
the form of a polygonal pyramid. Further, the effects 

10 of such an embodiment of the present invention are the 
same as those of the preceding embodiments. 

In the first to third embodiments, the number 
of reflective members provided to the ink container 
was always one. However, the number may be two or 

15 more, and when the ink container 7 is provided with 
two or more reflective members, the amount of the 
liquid (ink) can be detected in the same manner as 
described above. Also in the first to third 
embodiments, the roof mirrors which make up the 

20 reflective member are arrayed in parallel, in 

connection to the immediately adjacent roof mirrors, 
and in a predetermined direction. However, they may 
be arrayed with predetermined intervals, and when they 
are arrayed with the intervals, the amount of liquid 

25 (ink) can be detected in the same manner as described 
regarding the first to third embodiments. Further, 
the reflective surfaces of each roof mirror, which 
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come into contact with the ink, may be coated with 
water repelling agent or the like, because when the 
reflective surfaces (interface) is water repellent, 
ink is less likely to remain on the roof mirror, 
improving therefore the accuracy with the amount of 
the ink is detected. 

If a plurality of ink containers different in 
the color (magenta, yellow, cyan, black, etc.) of the 
ink to be filled therein are made different in the 
structure of the reflective member attached thereto, 
by utilizing the difference in structure among the 
reflective members in the first to third embodiments, 
not only can the amount of the ink be analogically 
detected, but also it is possible to identify the ink 
containers in terms of the color of the ink to be 
filled therein. 

In the first and second embodiments, the 
means for detecting the amount of the ink in the ink 
container was structured so that the ink container was 
moved by the carriage to detect the light reflected by 
the reflective member. However, the effects similar 
to those obtained by the ink remainder amount 
detecting means in the first and second embodiments 
can be obtained by such a structural arrangement as 
the one in the third embodiment in which the detecting 
apparatus comprising a light projecting element (light 
emitting element) and a photosensitive element for 
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detecting the reflected light is moved. Moreover, the 
light projecting element (light emitting element) and 
photosensitive element may be independent from each 
other as in this embodiment, or integral with each 
5 other. 

Lastly, referring to Figure 12, an example of 
an ink jet recording apparatus in which the above 
described ink container is mountable will be 
described. 

10 The recording apparatus shown in Figure 12 

comprises a carriage 81, a head recovery unit 82, and 
a sheet bed 83. The carriage 81 holds a head holder 
200 which is equipped with a plurality of ink jet 
recording heads (unshown), and in which a plurality of 

15 ink containers 7 having the reflective member 30 

comprising a plurality of the above described roof 
mirrors 34 are removably mountable. The head recovery 
unit 82 comprises: a head cap for preventing the 
bodies of ink in the plurality of orifices of the ink 

20 jet recording heads from drying up; and a suction pump 
for suctioning the ink from the plurality of orifices 
as the recording heads malfunction. The sheet bed 83 
is a sheet supporting member, across the top surface 
of which a recording paper as a recording medium is 

25 conveyed. 

The home position of the carriage 81 is 
directly above the recovery unit 82. As a belt 84 is 
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driven by a niotor or the like, the carriage is moved 
leftward in the drawing. During this leftward 
movement of the carriage, ink is ejected from the ink 
jet recording heads toward the recording paper on the 
5 sheet bed (platen) 83. As a result, an image is 
formed on the recording paper. 

While the invention has been described with 
reference to the structures disclosed herein, it is 
not confined to the details set forth, and this 
10 application is intended to cover such modifications or 
changes as may come within the purposes of the 
improvements or the scope of the following claims. 
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